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/ntefligenf Opticaf Network Efement 

The present invention belongs to the field of optical communications, and in 
particular relates to an intelligent reconfijgurabte network efement for use in an 
optical network with arbitrary topology, e.g., point-to-point, ring. mesh» etc. 



10 



15 



20 



25 



The soaring demaruf for virtual private networks, storage area networking, ^nd 
other new high speed services are driving bandwidth requirements that test the 
limits of today's optical communications systems. In an optical netuvork, a node is 
physically lininsd to anotlier using one or more optical fibres (cf. F^. 1 and 2). 
Eacii of the fibres can cany as many as one hundred or more oommunleatton 
channels. i.e., wavelengths in WDM (Wave Division Multiplex) or Dense WDM 
(DWDM) systems. Thus, for example, for a node with thi«e neighbours as many 
': three hundred or more wavelength signals originate or tenriinate or pass 
«.;ough a given node. Each of the wavelengths may carry signals with data rates 
up to 10 Gbit/s or even higher. Thus each fibre is canying several terabits of 
infonnafion. This is a tremendous amount of bandwidth and information that must 
be managed auiomaticaiiy. reliably, rapidly, and efffelently. It is evident that large 
amourit of bandwidth needs to be provisioned. Fast and autorrtatfc provisioning 
enables network bandviridth to be managed on demand in a flexible, dynamic, and 
efficient manner. Another very important feature of such DWDM networks is 
reliability or survivability in presence of a failure such as an inadvertent fibre-cut. 
various types of hardware and software faults, etc. In such nefwarics, in case of a 
fSaiiure, the user data is automatically rerouted to its destination via an alternate or 
restoration path. For example, for fha mesh networit shown in Fig. 2, the primary 
and restonatlon paths are as follows: 



Demand ID 


End Nodes 


Protocol 


Primary Path 


Restoration Path 


D1 


[#1,#53 


A 


#1 <-> #2 <-> #5 




D2 


C#1,#3J 


c 


#1 <->#2<->#3 


#1 <-> #4 <,> #3 


laoiel 
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Note that if the primary paths of demands D1 or D2 fall due to the faifure of link #2- 
#5 or link #2-#3, a single wavelength channel over link #1-^ could be used to 
restoie both demand-tds D1 and D2. This is due to the fact that under single point 
of f&nure assumption, either link #2-#5 or link #2-#3 fails but not both at the same 
5 time. Thus as opposed to 1+1 where a 100% overcapacity is required for 

, sufvlvabiTily, the same extra capacity can be shared between different demands 
for restoration; This results In significant savings in overall extra capacity required 
to realize survlvable DWDM systems. 

10 There have been pioposais to create such mesh networks using cross-connects, 
which in case of core networks with several neighbours and large wavelength 
count require gigantic switch matrices or cross-connects and several O/E and E/O 
convereions making the cost off su<*i a system prohlbith^ely expensive. While a 
handful of the national and International can-lers sr? -^Me to afford such expensive 

15 systems, such systems are outside the budget t ? . a and local carriers and 
enterprises, whieh operate the so-called metro, or enterprise networks. Such 
networks require relatively smaller number of wavetengths but tend to be more 
„meshy" than core netwovks. Thus It follows that there Is a tremendous need ftor 
DWDM systems, whfch are highly modular and tow-cost and which can be ecaied 

20 ' both upwards and downwards in capacity and cost for smaller customers. The 
situation is analogous to the case of the personal computer artd mainframes, 
where the customer wants and needs sorhe of the key features of a complex and 
large system but needs and can afford to pay for only a small (in temris of 
hardware) system. Automatic provisioning and restoration is highly desirable but at 

25 present le unaffordable for metro or enterprise networks. In such a network a 
complete protection/restoration of the network under single point of fialiure Is 
provided. 

Up to now, to increase capacity, carriers Implement protocol dependent 
30 architeclureB and switches/cross-connects, e.g. SONET(Synohronous Optical 

Network)/SDH (Synchronous Digital Hierarchy) multiplexing with Its ring 
architecture. ATM (Asynchronous Transfer Mode) and fibre-channel switches, etc. 
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Such networks, which provide protection against multiple types of falluies 

including the fibre cut. are expensive and work only for ring architecture and 
specific protocols. 

5 The purpose of the present invention is to provide a reconfigurable networic 
element, which allows building up and adapting of an optical network system 
' according to the demands of an individual canler thereby providing high fleSdbility 
and low costs. With the reconfigurable network element it should be possible to 
scale up or down a network system to individually needed functionality without 
1 0 depending on specific architectures and spedfic protocols. Furthemnore the 
network element should be cheap in production and tnstaiiafion to facilitate 
widespread deployment 

This purpose is realized b*' intelligent network element according to claim 1 . 
15 The deperident claims dir>i: I. r J preferred embod 

The intelligent network element according to the present invention comprises at 
least one back-plane with a plurality of electrical transmission lines, which run 
across the back-plane. Furthermore, the baek-piane compriees a pluiainy of 
20 « elecbical terminals, which are connected to the transmission lines for attaching of 
electrical devices such as various cards and/or circuit packs with determined 
circuitry that shouM be interconnected by the back-plane. 

The network element according to the present invention further comprises at least 
25 one of a first line-card slice with at least one receiver for receiving of optical 
signals from a predetennined path of the optical network In which the networic 
element is integrated. The network element furthermore comprises at least one of 
a second line-card slice with at least one transmitter for transmitting of optical 
signals to a predeteitnined path of the optical network. The line-card slices can be 
30 local line-card slices or remote line-card slices, for example the said first line-card 

slice couid be a local line-card slice and the said second line-card slice could be a 
remote- line-card slice. However, it is also possible to provide to local or remote 
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line-card slices, one for receiving and one for transmitting of optical signals from 
r respective to the optical network, or both for receiving and transmitting of optical 
signals. The temns ..local" and „remole" are used herein to distinguish between two 
line-card slices, which provide transmlt/reoelve interfaces to local user equipment 
5 In a central office or data centre and the user equipment located at a remote node. 

Each line-card slice with a receiver comprises an opto-electrical converter for 
converting the received optical algnals to electrical signals. The opto-electrtcal 
converter could be integrated In the receiver (so-called opto-electrioal receiver) or 
1 0 attached as an Independent device to the receiver. The at least one electrical 
terminal of the opto-electrical converter is attached to one or more elecfrical 
terminals of the at least one of the electrical terminals of the line-card siroe. 

^ ^^h line-earel slice, which comprises a transmitter, Is provided with an elec^b- 
16 , ; :tical converter, which cduld be integrated In ihe transmitter (so-called eledro- 
optical transmitter) or attached as an Independent device to the transmitter. The 
electrical terminal of the e1ectro-opti(»l converter is connected to one or more of 
the at least one of the electrical temninals of the line-card slice. 

20 The line-card slices are plugged - directly or indirectly, wiMi the latter preferably by 

means of a chassis - Into the back-plane such that the electrical temiinals of the 
line-card slices are connected to the electrical temriinals of the back-plane and 
thereby the electrical terminals of various line-card slices are interconnected, thus 
allowing them to communicate with each other, via the electrical transmission lines 

25 in the back-plane. 

The network element according to the invention comprises a plurality of switch 
tenninals, which are provided between the converters of various linenjard slices 
and/or between various converters on a single line-can:! slice. The switch terminals 
30 allow providing predetermined but reconfigurable electrical interconnections 

between various optical receivers and transmitters in the network element. The 
switch terminals may be provided on the back-plane, however, it is preferred to 
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provide them on the line-card slices such that one or more of the elecfrfcaf 
terminate of a converter on a line-card slice could be electrically connected to a 
predetermined electrical terminal or set of terminals of the line-card elice or to one 
or more of the electrical terminals of one or more further converters on the same 
5 line-card slice. Prefisnably, the switch terminals allow reconflgurBble 

interconnections among various electrical terminate by using software or sofhA^re « 
commands, this means fnteliigenoe offered by software can be used to detemiine 
in real-b'me as to which terminals are interconnected in onder to react dynamically 
to the various possible network states. 

10 

For switching of signals from a first path to a second path - for example primary 
path to restoration path - the network element preferably comprises at least one 
electrical cross-connect having first electrfcal terminals fbr receiving and/or input of 
electrical signals and second electrical terminals for transmitting and/or output cs; 

15 electrical signals. The electrical cross-connect directs electrfcal signals from 

selected first to selected second electrical tenminals. thereby detennining the way 
of the signals through the networit. The electrical cross-connect is plugged Into the 
back-plane - directly or Indirectly - virtiereby the electrical terminals of the cross- 
^ connect are connected to the electrfcal temUnals of the back-plane so that the first 

20 elecMcai fennlnals ara interconnected via the electrical transmission lines of the 
back-plane to electrical tenninals of selected first line-card sik^s (with at least one 
receiver) and the second electrical terminals of the cross-connect are 
interconriected via the electrical transmission lines to electrical temiinals of 
selected second line-card slices (with at least one transmitter). 



!5 



To keep the electrical connections between the line-card slices and the cross- 
connect short in order to achieve low signal attenuation the line-card slices and the 
at least one cross-connect are preferably distributed on the back-plane In such a 
way that each cross-connect Is electrically sandwiched between a predetermined 
number of line-card slices with at least one receiver and line-card slices with at 
least one transmitter. By this aniangement the electrical signals from a first line- 
card sHce. e.g. a local line-card slice, are transmitted over very short transmission 
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lines to the cross connect and then further from the cross-connect over very short 
transmission fines to the second line-card slice, e.g. a remote Irne-card slice, 
the various line-card slices and electrical cross-connects can be attached to the 
back-plane for example either dIrecUy or as plug in modules. 

• Especially In bMlrecUonal networtc architectures each line-card slice comprises 
preferably both of one optical transmitter and one optical receiver together with the 
corresponding converters. In bl-direcUonal networtc architectures each node is 
connected to another node by at least !mk> separate lines for signal traffic with 
10 signals travelling in opposite dIrecBons. The signals reaching one node are 
received and converted by the receiver and the signals leaving the node are 
preferably converted and transmitted by the optical transmitter of each Ime^rd 
slice, respectively. 

16 ' For use of the networtc element in a DWDM riehtforfi : the networtc element 
comprises preferably at least one flHer-unil for transfonning of the optical muHi- 
wavelength signals Into Individual wavelength channel signals. The filter-unit is 
arranged in an optical path before (with respect to the flow of optical signals) an 
' optical receh^er of a line-card slice or behind an optical transmitter of a llnek^rd 

20 slice. TTie filter-unit is preferably implemented In one or more filter-caixls, which 

are pluggable - directly, or indirectly, the latter preferably by means of a chassis - 
into the back-plane. By use of the transmission lines running across the back- 
plane and the corresponding electrical temninals the filter-unite or cards could be 
electrically managed and controlled via the back-plane or by means of electrical 

25 devices attached to the back-plane. 

The filter-unit advantageously comprises a modular structure with various stages, 
whereby each stage comprises of at least one of a band-pass filter, an Interieaver 
and a DWDM filter. By using a modular structure a very high flexibility and low 
30 costs for producing and integrating of the filter-units in the networic element could 

be reached- The modular structure of the filter-units will be described in more 
. detalliater in this document * 
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For providing of very high data rates the network e/ement csomprises preferabfy a 
sfngle back-plane for providing of the electrical connections between the different 
devices such as line-card slices, efectncal cross-connects, fitter cards etc. 
6 , Furthermore, by combining of DWDM line-card slices, filters, and optical cross- 
connect functionality in a single hardware unit of the network element, highly 
flexible and reliable optical networic archltectunss can be realized that can support 
arbitrary data protocols. The hardware In such networks combined with 
sophisticated software fntelligence can be used to support advanced features such 
10 as dynamic provisioning/bandwidth trading, remote perfonnance monitoring, and 

fast automatic restoration, eto. Intelligent optlcaf switches and cross-connects can 
be used to support virtually any nehvbrk topology including point-to^>oint. ring, and 
mesh architectures, allowing service providers, to evolve their existing 

infrastructures white immediafel^^#»JtfIng both capital and operating costs. 
16 Whereas sun/ivable ring aror.il: ^/ea maridate the reservation of 100% excess 

capacity, mesh architectures leave the choice of protection to the senrice providers 

themselves, reducing costs by as much as 70% with acceptable critical restoration 
^ Ames. The present Invention allows the operator to achieve varying levels qf 

flexibility and survivability in optical networks and trade off costs with desired 
>0 filatures and vice versa. 

The networic element according to the present Invention supports one or more uni- 
directional optical fibre links between a pair of nodes without any restriction to the 
total number of the nodes In the networic or to the number of nearest neighbours 
which a given node can have. Each uni-dirsctlonal or bi-directional optical fibre 
finks supports multhivavelength signals. In one preferred embodiment the 

maximum number of wavelengths in the aforementioned multi-wavelength signals 
issevenfytwp. 

The components of a given networic element according to the present Invention 
are bit-rate and protocol transparent. This implies that the network element is 
configurable to various bit-rates and data networking protocols under the ' 
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intelligence provided by hardware and software programming under static 6r 
dynamic/real-time operation conditions. The network element could be used to 
built optical networks with arbitrary topology to provide automatic or point-and-click 
provisioning, fault protectlon/restoralion, and other services such as band-with- 
5 trading, etc, with a centralized distributed, or hybrid form of network management 
ayatom, which comprises various software modules as described later In this 
document 

The present Invention would be now described in conjunction with the 
10 accompanying drawings, which are included to provide a further understanding of 
* the invention and its background. 

In the drawings: 

15 . is a diagram showing examples of networic architectures In which the 

nelworit element according to the present invention could be used; 

,. 2 Is a diagram, which shows the use of cross-connect functionality of 

the networic element In a DWDM networiq 



20 



Fig. 3 shows a preferred embodiment with two line-card slices and one 
cross-connect; 



' Rg. 4 shows in greater detail the functionality of the switch terminal* on 
25 two line-card slices; 

Fig. 5 shows the modular attachment of lin^oard slices to an electrical 
cross-connect; 

30 Fig. 6 shows the difference between the line-card slices acconling to the 

present invention and a prior art line-card architecture: 
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Fig. 7 shows the distributed arrangement of ilne-card slices and cross 
, connects on a badc-plane; 

Fig. 8 shows various stages of a demuRFplexer of a preferred embodimem 
5 ofafiiter-unit; 

Fig. 9 shows diffisnsnt stages of a multiplexer of a preferred embodiment of 
a fiiter-Hinit; 

10 Fig. 10 shows a piefernsd embodiment of a netuuoric element architecture 

with redundant power supplies, cross-connects, node PCs. 
supervisory card(8); Hne-card sKces. filtar-iinilB, etc.: 

Fig. 1 1 shows the implementation of supervisory channels in a networfc 

15 element; 

• » 

Fig. 12 shows a configuration of a network element with device protection; 

Ftg^~13 shows a Configuration of a network element with card protocfion; 
20 . 

Fig. 14 shows an embodiment of the nehvork element in a single hardware 
unit; 

Fig. IS shows the connection of supen^isory channels between various 
•5 network elements; 



Fig. 16 shows a preferred embodiment of node software architecture for use 
in a networi< element. 

In Figure 1 are shown different network architectures In which the network element 
according to the present invention could be used. Due to the modular flexible 
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structure of the network element it could be used In arbitrary network 
architectures, like ring, point-to-point, mesh networks and mixtures thereof. 

• The cross-connect functionality of a network element according to the present 
5 Invention with an additional eleotricaf cross-connect is shown in Figure 2. Five 

nodes are shown (#1-#5). each of which with a network element according to the 
present Invention. The architecture is data protocol Independent (or transparent) 
and utirizes a common hardware and software platfomn. In this example there are 
one or mor« optical fibre links between a pair of nodes. The links can be either unl- 
10 dlnsctlonal (single fibre) or bi-dlrectlonal (two fibres with one fibre for each 

direction). For example, two bi-directional links between nodes #1 and #2 are 
shown In figure 2. Between the five nodes are shown eight bi-<lirectional links. 

The users can communicatei between any pair of nodes by using an arbitrary data 
IB protocol and data terminal equipment (e.g. A, B.C, etc/ ;s«ta protocol may 

require setting up of a unidirectional or bi-directional pairt u^^ween a pair of nodes. 
, Examples of data protocols indude ESCON. FICON, fibre channel, gigabit 
Ethernet. SDH/SONET. ATM. packet over SDH/SONET . etc. For instance, the 
users communicate between nodes #1 and #5 and between nodes #1 and #3 
20 using protocols A and C. with demand Ids D1 and D2, respectively (cf. Table 1). 
As opposed to ring architecture where each node has only two neighbours, in 
mesh networks each node can have arbitrary number of ne'^hbours. For example, 
each of the nodes #2, #3.# 4 and #5 m Figure 2 has three neighbours. 

25 In Figure 3 is shown an embodiment of a networic element 1 with two line-card 
slices 10. 20. plugged into a back-plane 2. Each line-card slice -local line-caid. 
slice 10 and remote line-card slice 20 - comprises a number of electrical tenmlnals 
19. 29 that are connected to the electrical temiinals 4 of the back-plane 2. The 
line-card slice 10 comprises a receiver 1 1 for receiving of optical signals from the 

30 network system. Attached to the receiver 1 1 1s an opto-electrtcal converter 12 for 
converting of the optical signals to electrical signals. The electrical tennlnal 13 of 
the opto-electrical converter 12 is implemented as a switch terminal 30 that could 
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be switched, i.e. efectricaily connected by software or harelware, to one of the 
eiecfricai termfnais 19 of the line-card slice 10. 

The line-card slice 20 comprises a transmitter 21 forfransmittlhg of optica), signals 
to the networic system and attached to the transmitter 21 Is an electro-optical 
converter 22, which receives electrical signals from the back-plane 4 via the 
etectrical tenninais 20 of the line-card slice 20 and the electrical temiinal 23. The 
electrical temiinal 23 of the converter 22 is Implemented as a switch terminal 30 
which could be switched, i.e. electrteaily connected by software or hardware, to a 
selected one of the terminate 29 of the line-card slice 20. The converter 22 
converts the rsceived electrical signals to optical signals and communicates the 
same to the transmitter 21 . 

Between tfie line-card slices 10 an^^ '^■^ there Is disposed an electrical cross- 
connect 40 eieetrically sandwich*. , means the electrical temiinals of the llrie- 
card slice 10 are connected to first electrical fenmlnais 41 of the cross-connect 40 
and the second electrical temiinats 42 of the cross-connect 40 are connected to 
the electrical tenninals 29 of the line-card slice 20. As shown In ffguie 3 there is a 
single electrical tenninal of the line-card slice 10 connected to a single first 
electrical temninal of the cross-connect 40 and a single second electrical terminal 
:0f the crass^connect40 is connected to a single electrical temninal of the line-card 
slice 20. The other electrical temnlnals of the cross-connect 40 may be connected 
to tenninals of other line-card slices (not shown). 

Also the electriieal cross-connect 40 comprises switch tenninals 30 for connecting 
of selected first electrical terminals 41 to selected second electrical tenninals 42. 



The interconnections.between dlfllerent switch tenninals could be reconfigufed 
manually or by a software command by using hardware Integrated switches or 
cross-conned. 
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The line-card slices 10. 20 of figure 3 are adapted for use In W-directlonal optical 
networks. Therefore line-card 10 comprises an additional transmitter 21' and Bne- 
caid 20 comprises an additional receiver 11' with the corresponding converters 
12', 22\ respectively. 

5 * 
The use of an electrical cross-connect has various advantages over networic 

elements with optical cross-connect, which require opto-optlcal switches and 
expensive Individual fibre attachment to all ports of the OXC (optical cross- 
connect) chip. A network element having optical cross-connects require Q/E/O 
10 conversion (opto-elaatrical<ipticaD on each side of the OXC chip. Furthermore the 
opto-optlcal switches (e.g. currently based on MEMS and bubble switch 
technologies) are expensive during fabrteatlon. 

In Figr ;r- ^ Is shown the anangemenl of switch temilnals on line-card slices. Each 

15 crftte. .^3^^ 

line-card slice 10/20 comprises a device for receiving and a device for transmitting 

of optical signals. Each receiving device 15 comprises a receh^er. an opto- 

eiectrical converter and an clock-and-data-recovery (CDR) circuitry. The CDR 

provWes electronic legeneiatton of data signals as well as fault detection (data- , 

20 • rate and data-protocol Independent) using bit-error-ratip. loas-of-clock and other 

suitable signals. 



30 



In 



the shown embodiment the receiver of the receiving device 15 is a photo diode. 



25 As mentioned before, the CDR-chlps in the line-card slices (local LLC and remote 
RLC) provide important information related to the quality of signal such as bil- 
error-ratio (BER) and loss-of-clock (LOC) that can be used for data-protocol 
independent fault detection and monitoring. However, all of the shown CDR-chips 
• are optional. 



Each transmitting device 16 of the shown embodiment comprises a CDR circuitry, 
an electro-optical converter and a transmitter. The CDR sen/es to eliminate jrtter 
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introduced by the cross-connects 40, which are electrically sandwiched between 
the receiving devices 1G and transmitting devices 16. The transmitter of the shown 
transmitting deuces 16 is a laser diode. 

The line-card slices 10, 20 are plugged into a back-plane (not shown). There are 
further provided two electrical cross-connects (EXC1, EXC2) 40, which are also 
plugged into the back-plane. The cross-connects 40 and the line-card slices 10, 20 
are Interconnected via the electrical transmission lines of the bacic-piane. 

By means of the switch terminals 30 the electrical connection between various 
receiving devices and transmitting devices could be determined. In fligure 4 the 
various switch terminals 30 are labelled as A. A1, A2, B1. B2, C. CI, C2. D1. D2, 
E1, E2. F. By uding a software command the fbllowing connections In the shown 
embodiment can be made: A can be connected to A1 or A2. 81 or B2 can be 
connected to CI. CI or C2 can be connected to C. D1 or D2 can be connected to 
El. El or E2 can be conrtected to F. 

If A is connected to A2. and 02 Is connected to C, a so-caited loop-back mode Is 
provided. This might be V€»ry useful fbr troubfe-shooting the hanlware-as well as 
the software. 

If A is connected to A1 , the signal is sent to both, EXC1 and EXC2. The switched 
outputs are available at D1 and D2. The signal from either EXC1 or EXC2 can be 
selected by connecting D1 or D2 to El, respectively. This allows proceeding with 
the operation of the network element even if one of the cross-connects 40 (EXC1 
or EXC2) fails. El or E2 could be connected to F depending on whether the output 
from the cross-connects 40 isiised or the loop-back modes are used, respectively. 

Furthermore, with the shown embodiment of the network element in Figure 4 it is 
possible to realize a conventional line-card without using EXCs. If the shown line- 
cam slices are plugged adjacently Into the back-plane. e,g. in adjacent slots of the 
main chassis, and if A is connected to A3, with A3 being pemnanently connected to 
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E3, and E3 is connected to F. and G i$ connected to H3. with H3 being 
permanently connected to C3. and C3 is connected to C the structure and 
functionality of a conventional line-card is readily realized. 

Figure 5 shows the modular attachment of line-card slices In a sandwich 
amangemenl to eleclricai cross-^connects. In figure 5a is shown a network element 
according to the present invention In a node #i. The shown network element 
comprlfios various Bne-eard slices and finer-unrte arranged around a cross-connect 
40. The line-card slices and filter-unite are not shown in detail, but only the 
arrangement with nsspect to the cro88;«>nnect. There are shown fibre connections 
to various neighbour nodes, for example #k and ^. Node #i receives and transmits 
optical signals to each of the network nodes. The optical signals are received and 
demultiplexed (DMUX) by a llneK^rd slice together with a filter-unit, respectively. 
Analogous the signals for transrnltHng are multiplexed (MUX) an^ transmitted by a 
line-card slice together with a filter-unit. 

On one side (left side down) of the cross-connect 40 In figure 5a is shown a local 
or add/drop Interface 17. By means of the interface 17 a user may add or drop 
signals In the node #1 or he may control the signal traffic In node #1. Such a Jocal - 
add/drop Meriaoe 17 may also be plugged into the back-plane and connected to 
the electrical temilnais thereof. 

In Figure 5b Is shown another diagram of the electrically sandwiched arrangement 
of line-card slices and local addAJrop interfaces 17 to an electrical cross-connect 
40. All of the shown line-card slices may be consWered as remote fine-card slices 
20, which receive signals from nodes i, J and transmit signals to nodes 1', j*. On the 
local side of the shown network element there are anranged add/drop interfaces 17 
for processing of the signals In the node by a user. 



Sun/ivabllity under the failure of a cross-connect Is provkied by using the option to 
plug-in a redundant cross-connect Into the back-plane. The output electrical , 
signals from the various line-card slices are connected to both (the original as well 
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as the redundant) of the cross-connects. A given line-card slice selects either 
manually or autoniaticafly the best output from one of the two cross-connects. 

In order to keep the costs at a low level a preferred embodiment of the networic 
element according to the invention, for example in an embodiment as shown in 
Rgure 6, comprises distributed line-card slices and electrical cross-connects vyithin 
a single chassis. « 



. In Figure B Is shown the difTersnce between a prfor-art transmission line-card 

10 architecture and the distributed fine-caid slice arrangement according to the 

present invention. The. architecture shown in figure 6a was created essentially for 
point-to-point networics where signals ars always temrilnated at the two 
communicating nodes. In mors flexible and efficient ring networics and certainly in 
case of mesh networks, tfie WDM slgn^ir. r>tten pass through various nodes k>eft>re 

15 being finally temilnated. In case of rln^: i i; .a more so In case of mesh networks the ' 

prlor-iart line-card architecture is quite limited In its functionality. For Example, it 
does not allow WDM signate to pass through or be switched to other nodes. A 
pass-through signal requires two sets of remote (transmit and receive, Tx and Rx) 
interleibes. By using two ofthe prior-art Hrf^K^rds brfe could achieve th^ pass- * ~ 

20 ^ through functionality but not vwthout Incurring the extra cost of two sets of unused 
lo«al internees. Moreover, in the prior-art. by using complicated interconnection of 
multlpie extraneous switching elements the WDM signals can also be switched to 
a limited degree which may be adequate for certain primitive fbnns of WDM ring 
networics. Both of these techniques used to adapt the prior-art line-cards are very 

IS expensive, inflexible, and cumbersome to use in case of modern WDM networks. 

Such limitations also lead to the fragmentation of optical networtting products 
whereby certain products can only be employed in certain network topologies and 
can support only certain data protocols. Such limitations prevent the widespread 
use of WDM and its penetration in cost-sensitive maricet segments. 



In Figure 6b is shown the arrangement of line-card slices 10, 20 with respect to an 
electrical cross-connect 40 according to an embodiment of the present invention. 
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However, due to the high flexibility of the network element according to the 
invention also the function of a prior-art llne^ard as shown In figure 6a which is 
' essentially a repeater can be readily realized using the shown embodiment of 
figure 6b without using any cross-connect ports. Additional connections in the 
5 back-plane and software in the line-card slices allow the realization of a prior-art 

line-card simply by Inserting of a local line-canJ slice and a remote line-card slice 
in adjacent slots in the line-card chassis and configuring them appropriately. Thus 
the networic element according to the present invention Is not only extremely 
flexible enabling creation of arbitrary point-to^iolnt. ring and mesh networks but is 
1 0 also very cost-effective. 

As shown in figure 7 the line-card slices comprise Ia8er4>ased transmitters. PIN 
(P-intrlnslo-N) and APD (avalanche photo diode) based receivers, respectively. A 
clock-and-dp^^-BCovery (CDR) provides legeneration of Individual WDM channel 

15 signals. T.v ;;.i>-cai^ slices 10. 20 and the electrical cross-oonne^^ 

. Interconnected by very short high frequency (HF) transmission lines 3 running 
across the back-plane 2. The electrical CrossConnect couW be mounted In form of 
an electronic chip on a circuit-pack with high-speed connectton temtiinated on a 
connector. The crdss-connect-drcult-padc when inserted Into the chassis brthgs" 

20 high-speed connection to the back-plane. Since the HF signals show large 

propagatton losses over the back-plane the HF signal path lengths are kept as 
short as possible. Therefore it is advantageous to minimize the size of line-card 
slices as much as possible so as to fit a large number of them In close proximity 
with the electrical cross-connect 40. In principle, mounting various electronic chips 

26 and optical components (used to Implement line-card slices and cross-connects) 

on the back-plane can further reduce the hardware costs. That is more readily 
visualized as a single distributed line-card system 25 In figure 7a. However, in 
most cases it is desirable to put the line-card slices and individual cross-connect 
chips as separate pluggable units, which are then Interconnected using the.back- 

30 ' plane. The use of various pluggable cards enhances the reliability as the defective 
cards can be readily replaced without bringing down the whole network system. 



27.03.0^ 15:03 DR.(^||ppEL •» 81253924465 NR.OBQ OZ 

P 16053EP / UGHTMAZE AO / 'Distributsil One-eaKls' / smi / 20020200 J 77, Mflnt 2002 

17 

In Figure 7b is shown a further view of the distributed arrangement of the line-card * 
slices 10, 20 around various cross-connects 40 on a single back-plane 2. 

In Figures 8 and 9 are shown examples of modular fllter-unlts, which could be 
6 Inserted in an optical path of the network element according to the present 

Invention. The filter-units serve for demultiplexing of the leceived optical signals 
and for multiplexing of the optical signals before transmitting them. Due to the 
modular structure of the filter-units highly scalable demultiplexers and multiplexers 
could be built up with respect to the demands of the individual network carrier. 

10 

Consider an N-channel equi-spaced multi^aveiength signal S with inter-channel 
separation of AX and with a total optical bandwidth of AW. It follows that AW==(N- 
1)AA» By definition, a demultiplexer separates the muiti-wavelength signal S Into N 
, Individual wavelength signals and a multiplexer combines the N individual 

wavelength signals Into the multi-vvavelength signal S. As mentioned previously. 
Ibr the metro/enterprise optical networks the ability to grow from low channel count 
to higher channel count without having to pay high start-up costs is crucial. 

^otifiB filfer-iinits according to the present Invention there are two different ' ' 
M preferable designs to build up a modular, scalable and low cost N-channel 

demultiplexar using a multF^tage filter design (as shown in figure 8). A filter-unit 
wUh a N-channei multiplexer can be developed correspondingly, as shown in 
figure 9. 



A filter stage comprises preferably either band-bass filters or interieavers or 
DWDM filters. A band-pass filter stage separates the Input multi-wavelength signal 
^ into two or more wavelength bands, an interleaver stage separates the input multi- 
wavelength signal Into odd- and even-numbered wavelengths, and a DWDlif filter 
stage separates a band-pass multi-wavelength signal into Indlvklual wavelength 
channels which are modulated with user data for transmission. 
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in figure 8a is shown a first embodiment of a filter-unit with demultiplexer 
functionality. The first stage separates the Input multl-waveiength optical signal S 
Into two or more wavelength-bands of bandwidths AW. such that 

AW^AWI+AWa-f ... (only two wavelength-bands are drawn for simplicity). The 
second stage employs Interteavers which separates the input signals AW1.AW2.... 
into odd- and even-numbered wavelengths, respectively. This increases the 
tiuaveiength separation between Individual channels from AX to 2AX. The third 
stage employs band-pass fiHare. v»rt»ich divide the input multl-wavelenglh signals of 
bandwidth AW1.AW2,... liirther Into multi-wavelength signals of {AW11.AW12, 
AW13....}. {AW21.AW22, AW23....}...- respectively. Finally, the DWDM filters in 
the fourth stage separate the multi-wavelength signals AW|| into Individual 
wavelength channels. For simplicity there is shown a four-stage filter design where 
the first and third stages employ band-pass filters. In general, depending on the 
application one could use a total of m number of such band-pas?: -r > ■ stages, 
where m s 1 . Similarly, there is shown only one interleaver stagfe ■ ^3iy the . ; ? 
second stage that increases the inter-channel spacing from AX to in general, 
one could employ n number of interieaver stages, which Increases the Inter- 
channel spacing ftom AX to (n-M)AX. where na I.The final DWDM filter stage could 
employ the pxl fiKera. which separates a multi-wavelength signal Into p Individual 
number of channels, where p s 2 Is the number of channels In the multi- 
wavelength Input signal. Thus the total number of filter stages is FS = m + n + 1. In 
general, the number of required filler stages increases and the total insertion loss 
increases with the number of wavelength channels. For example, FS « 1 for N - 4 
but increases to FS » 4 for N = 72. 

For the saice of simplroity and clarity there is shown an example with four filter 
stages (cf. Fig. 8). Sine© the number of filter-stages and filter-modules Increase in 
proportion to the number of channels the present design Is highly scalable and 
modular. The costs of the modular {de>mul«plexer hardware Increase only linearly 
with the number of channels combined with very low fixed or start-up costs. 
Assuming that all filter modules cost the same, the start-up costs are only 16% of 
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9 fully loaded system. For example, by combining the range of C-. L-, and S-bands 
In the 1550 nm spectral range, the designs as illustrated in Rgs. 8a and 8b could 
be used to provide a system with a total number of channels as few as 1 aiid as 
high as 160 with a very low fixed cost and a total coat which varies approximately 
6 lineariy with the number of employed channels. 

Note that no particular order of band-pass filter and interleaver stages is implied In 
the concept proposed hero. For example (cf. Figs. 6a and 8b), the onler of band- 
pass filter and fnferteaver stages can be interchanged. In the filter configuration 

10 shown In Fig. 8b, the first stage uses interteaver(s) and the second stage uses the 
band-pass filters, instead of the band-pass filter and inter1eaver(s) in Fig. 6a. 
respecHveiy. Both designs achieve the same functionality, namely, demultiplexing 
a multi^velength S signal into N individual channels. It is evident that many 
other variants of this design with a different r nfier of stages and a different order 

16 of cascading of such stages are possible v: vJhg on the application. ~ ^ ' ^-^..-.o-- 

*. 

A mulUpfexer which multiplexes N equi-spaced channels with inter-channel 
separation of AK into a single muKi-wavetength signal S with a total optical 
bandwTBthof aW 

can built ill eyactf/ the sam^ ' 

!0 direction of propagation of optical signals (cf. Fig. 9). 

It should be noted that the multi-wavelength signals demultiplexed and multiplexed 
using the proposed hardware need not be equi-spaced. Depending on the total 
number of channels required, the wavelength spacing between the individual 
5 signals may be any multiple of /ML, 2Ak, etc. 

The modular structure with various stages of the filter-units allows to upgrade (and 
downgrade) the number of wavelength channels In-service without intenuption to 
» the services that use the existing wavelength channels. « 
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(n Figure 1 0 Is shown a further prefened embodiment of a network element 
according to the present invention. The architecture of the network element is 
scalable to arbitrary number of nearest neighbours. The network element of each 
node can add/drop signals to/from an arbitraiy number of adjacent nodes. For 
simplicity of drawing, only four adjacent nodes 1, 1. k. I are shown. As shown in Fig- 
10. the received and transmitted multi-wavelength signals can be amplified using 
an optical amplifier 62, e.g. using EDFAs (erbium-doped-fibre-ampimer) if required 
by the user. The signals are (de)multiplexed using the multi-stage filters discussed 
above. An out-of-band supenrisory channel can be Implemented either by using 
one of the wavelengths (on ITU grid)on each link to carry supen/lsory signal if 
Inquired, or a 1510 nm signal (outside the EDFA amplifier range) can be used to 
implement supen/lsory channel (cf. Fig. 11a). Alternatively, an In-band supen/isory 
channel can be implemented using electrical (de)multiplexer (cf. Fig. 1lc) which 
can be done us^^^ special purpose chips Implementing bit or byte processors. 
The electrics} v^tiplexer could employ time or frequency domain techniques. 
AS an example, an in-band supenifsory channel could be implemented by 
(de)multlplexing data fromAinto the DCC (data communication channel) channel 
when SONET/SDhl protocol Is used. 

For implemenBng of the supenrtsory dhannel each node in the shown embodiment 
comprises one or more distributed line-card sfices 10.20 and a single EXC1 
(electrical cross-connect) or (redundant) EXC2 (reference 40). The multi- 
wavelength user signal from each of the adjacent nodes j is first optically 
demultiplexed and then temilnated onto the distributed line-card slice. Similarly, 
several optical signals originating from the distributed line-card slice(s) are 
multiplexed into a multi-wavelength signal and then amplified (If required) belbiB 
transmission. The node PC (personal computer) 35 (through an appropriate plug- 
In card) provides an electrical out-of-band supervisory signal, which is connected 
to the supen/isory cafd (SC) 32. The supervisory signals tenminated at SC cards 
32 are connected to suitable default RLC (remote line-card) slices 20 using back- 
plane connections. However, in case of fault the supervisory signal can be 
switched to an alternate RLC slice 20 using the cross-connects EXCI or EXC2. 
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The supervisory card provides interfaces for multiple supervisory signals from/lo 
various nodes to the node controlfer PC of the said node. The various cards 
communicate with each other using an Internal communication bus 31, which 
could use a proprietary protocol or standard protocols such as Ethernet, CAN. etc. 
5 The use of a bus card (BC) 34 in the node controller PC facilitates this process. A 

redundant power supply 33 is also provided if required. Note that the line-card 
slices and filter cards are typically plugged into the line-card chassis (LCC) and 
filter card chassis (FCC), respectively. However, the LCC is designed in such a 
way that filter cards can also be plugged in if and when necessary. Due to its forni 

1 0 factor a flifer card In a very simple embodiment replaces two fine-cani slices. This 
helps eiiminats the filter-chassis when only a small number of line-card slices are 
required to build the network. The design according to the present invention is 
therefore also higher scalable in tenns of the r^undancy required by user. This Is 
* very important because the users have difterent requirements -on redundancy 

11? d^ending on their cost-budgets. In general the system costs increase with the 

required redundan^. A mininnum configuration for some users may simpty be the 
line-card chassis, a single power supply, and various LLC and RLC slices. For 
users who need more features and more reliability may use additional hardware as 
follows: rPC + 1 SC + 1 BC + 1 XC. The user can also configure hisrsystem by 

20 using the proposed hardware to achieve can! protection (see fbr example Fig. 14) 

and/or device protection (see for example Fig. 15), respectively. For a minimum 
system configuration which includes 1 PC + 1 SC + 1 BC + 1 XC, the link feilure 
recovery is implemented using mesh restoration techniques. Protection In case of 
feilure in a local system (consisting of various chassis) at one site (partial node 

26 failure) can be overcome by using an additional redundant system - also called 

device protection (of. Fig. 12). Partial failure (such as Isolated cards) in a local 
t system can be overcome by using card protectton scheme as shown in Fig.- 13. 



Figures 12 and 13 show the difference between device protection and card 
protection. If the network element according to the present invention is configured 
with card protection than, as shown In the example, various modules or cards are 
redundant, in the shown example of Figure 13 the line-card slice LC. the cross- 
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' connect XC, the bus cart BC, the power supply PS and the supervlsoiy card SC 
are redundant 

In Figure 12 is shown how device protection can be achieved by using a working 
6 device 80 and a stand-by device 81 with the same components, which are realized 
accorting to a preferred embodiment of the present invention. 

An example of a hardware unit of an embodiment of the network element 
according to the present invention is shown in Figure 14. The hardware unit 

10 comprises a main chassis, fliter-tiard chassis, and a PC chassis. The shown main 
chassis could receive up to 24 line-card slices, two 32x32 E-CXs, 1 or more filter- 
plug In units, two bus-cards, two-supervisory cards, and two power supplies, if the 
main chassis comprises of ail the above plug-in units except filter-cards, it is 
defined as line-card chassis. In other worts both the main chassis and line^cart 

15 chassis.are designed to receive llne-oart slices and might, therefoit^ \ : Ue 

called lln&«art chassis In this application. The shown PC comprises several plug 
in cards. Examples of plug-in carts are one or more ethemet carts and bus cards. 



...Jo Figure 1.1 is shown, the supervisory channel multiplexing and demultiplexing In - 
20 the optical domain (Fig. 1 la and Fig. 1 lb) and the electrical domain (Fig. 11c), 
respectively. In Rg. 1 la an optical signal In the 1510 nm wavelength range 
(outside the EDFA range) is used to Implement the supervisory channel. The 
supervisory channel (reference 36) in Figure 11a Is coupled Into and out of the 
fibre canying the multi-wavelength optical signal by using a WDM coupler 
25 (reference 37). Alternatively, the supen/lsory channel (reference 36) In Rgure lib 
is coupled into and out of the fibre carrying the multi-wavelength input signal by 
using DWDM (de)muitiplexer realized using filter-units as described earner In this 
document. In Figure lib the signals of the supervisory channel (reference 36) are 
carried over one of the standart DWDM wavelengths based on ITU grid. 

30 

In Figure lie the received signal, which might comprise supervisory and/or other 
data, is first converted from optical to electrical domain in a line-cart slice and 
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elecfricaUy demultiplexed to a supervisory signal 38 and a user sfgnal 39. Before 
fransmittfng the supervisory signal 36 and the user signal 39 are electrically 
multiplexed and converted from electrical to optical domain In an electro-optical 
converter. 

5 

With reference to Figure 16 a supervisory channel and sub-system is used to 
manage the entire optical network. The supervisory channel can be used to 
manage the network using existing standards such as SNMP (simple network 
management protocol) or proprietary protocols. The supervisory channel enables 
10 a bl-dlrectlonal logical connection between any pair of nodes over redundant 

paths. This ensures that the supervisory communication connection between any 
^ pair of nodes will sunrive under the single failure assumption involving fallu^ of 
any single link or a single node except Itor the two communicating nodes 
themselves. For example, Z1 and Z2 may represnnt a node pair. The togicai 
IS connection between Z1 and 22 Is established -i^: -:^ two or more node-link- 

disjoint paths, e.g. Z1«»Z2. Z1^V<»Z2, and Zi<»X«>Y«>Z2. etc. The number of ( 
node-iink-disjoint paths avaRable depends on the actual topology of the opttoal 
network. If mors than two node^ink-dislolnt paths are used between the 
— communicating nodes; aun/hrabllityuf supen/lsory channel against multiple failoies^ - 
0 can be achieved. Further, a single physteal supen/isory channel between two 

nodes say X and Y could be used to establish multiple logical connections, which 
may be routed over that link. For example, can be U«»21 Y and 
U«>V<»Z2»Y the two node-link-disjoint paths used as supervisory data paths 

between nodes U and Y. The same physical supervisory channel over the link 
5 ^ XOY using whether in-band or out-of band signalling or any other arrangement 
could be used to establish a logical supervisory connection between both ^1 : 
Z10Z2 and S2: U «»Yi where SI and S2 are the respecHve supervisory logical 
communication channels. In order to achieve this the supen/lsory signals for 
different logical channels are multiplexed, demultiplexed, and routed through a 
particular node. The multiplexing and demultiplexing can be done In time or 
wavelength domain. In time domain the multiplexing and demultiplexing could be 
based on either time division and/or frequency division and/or statistical and/or 
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other foims of (de)multiptexing techniques. Thus each node acts Hke a muIUpIexBr. 
demultiplexer, router/switch/cross-connect, sender, and receiver for arbrtrary 
number of supervisory messages, which may pass-through It or 
onglnaieAermlnatB at It 

In Figure 169 is shown the redundant supervisory channel routing for robustness 
and In Figure 15b is shown superelsory conhecth/rty achieved for arbitrary number 
of acOaoent nodes using tlme-divlslon multiplexing or statistical multiplexing by 
using a single wavelength channel over each link. 

With reference to Figure 16 a node software architecture is shown, which could 
pr^erably be Implemented In a network element In one embodiment of the present 
invention. The node software architecture Is an Intelligent optical networkitig 
architecture and applicable to arbitrary network tqpology. In particular, it unffles 
polnl^-polnt. rint, mesh architectures and Is also sca^ affordable, 
robust, and reliable. Intelligence refers among other things to how Infomiation 
related to various aspects of networic configuration, operation, and management is 
stored in the network. Information refers to any details related to state of network 
elements; state of the network: various primary and r^duridant paths through the 
neW^tk. configuration data, and any otherdata which is pertinent to the optical 
network management system, etc. AH Infbnnaflon can be a) stored at a single 
node, b) duplicated over several or aH network nodes, or c) distributed over 
several or all networtc nodes. The distributed approach o) scales well as the 
number of nodes increases because any single node needs to deal with a reduced 
amount of Information. But a software overiiead penally must be paid because the 
various pieces of infonnation must be obtained from various nodes and 
inconsistencies between any duplicated infontiatton must be resolved. An 
alternative is to store all the infonnation at a single node (approach a), which can 
be accessed by any user at any of the networic nodes, or a user located elsewhere 
such as one or more management offices. However, If this node fails all the 
valuable data Is lost. In order to solve this problem, the same data can be stored at 
several or all network nodes (approach b). In case one of the network node fails, 
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the data can then be retrieved from one of the several other nodes. The second 
aspect of intelligence involves who takes the required management actons. A 
management acUon involves performing a set of tasks and can be carried out In a 
centralized, distnbuted, or hybrid manner. The vanous tasks can in turn also be 
S perfomfied in a centralized or distributed manner, in the centralized approach one 

or more software agents residing at various nodes carry out a single task. A 
soRware agent is a software process or an execution thread, which fs used to 
Implement oertoin software functionality. Some of ttie examples of software stents 
as shown in the figure are start-up manager 101. process, thread, and sessions 
10 manager 102, supervisory channel process manager 103. hardware devices 

manager 104, status, fault, and events manager 105, database system manager 
106. user inteifeces (e.g. GUI, console, Ttl, etc.) 107, System Resources and 
Functions IManager 108. 

1 5 i^e distributed approach one or more software agents residing at various nodes 
preferably carry out a single task. A management action is sakl to be carried out In 
centralized mode if all of the tasks it Is compiled of are carried out in a centralized 
manner. A management action is said to be carried out in distributed mode if ail of 
the taslcs it Is comprisigd of are carri^lii^^ 

20 action is said to be carried out in hybrid mode if one or more of the tasks it fs 

comprised of are canied out in a centralized manner white the others are canried 
out in the distributed manner. For example, in case of a fault in the optical network 
the management action may involve the following tasks: l . fault detection/isolation. 
2. fault signalling to the network management system (which itself may be 

16 centralized, distributed, or hybrid), 3. alternate path calculation and allocation, 4. 
signalling for restoration activation, 5. optical signal switching at various nodes, 6. 
updating various datebases and reclaiming the system resources, 7. restoring the 
felled hardware or software. Each of these tasks can be earned out using a 
software agent located at a single node or several nodes. Thus this management 

0 action can be completed using a centralized, distributed, or hybrid approach. 



15:03 DR.l^^EL •» 8i253924465 NR. 020 

P ie053&» / UGHTMAZE AG / •DlStflbUlad One^rOS* / smi / 2002O2D0 / 27. MBiZ 2002 

26 

craims: 

1 . Intelligent network element (1) for optical networks, comprising: 

1.1 at least one back-plane (2) with a plurality of electrical transmission lines (3) 
ninnlng across the back-plane and a plurality of electrical temnlnals (4) 
connected to the transmission lines; 

1 .2 a plurality of line-card slices (1 0. 20) having electrical temiinals (19, 29), 
each line-card slice (10. 20) being attached to the back-plan© directly or in 
the form of a plug-in module such, that the electrical tennlnals (19, 20) of 
the line-card slice are electrically connected to selected ones of the 
terminals (4) of the back-ptane (2), with 

1 .2.1 at least one of the line-card sitees (1 0,20) comprising at least one optical 
receiver (1 1 , 1 1 ') fbr recsiving of optical signals from the network and at 
least one opto-eleclrical converter (12, 12') Integrated in or optically 
connected to the optical lecelver with electrical tenninals (1 3, 13' : 

1 .2.2 at least one of the line-card sHces (1 0,20) comprising at least one op>ii^ - 
transmitter (21 , 21 ') for transmitting of optical signals to the nelwortc and at 
least one electro-optical converter (22. 22") Integrated In or optically 
connected to the optical transmitter with electrical {enninals-{23, 23*); - 

1 .3 various or all of the said electrical terminals (4, 1 9, 1 9', 29, 29'. 1 3, 1 3', 23, 
23*) are Implemented In fomi of switch terminals (30) that provide selected 
and reconfigurable electrfcal interconnections among various of the at least 
one receiver (11,11'), transmitter (21. 21*) and/or converter (12. 12', 22. 
22*). 

2. Network element according to claim 1 . characterised in that the switch 
temiinals (30) are provided on the line-card slices (10, 20) so that the 
electrical temiinals (13. 13', 23, 23') of the converters (12. 12'. 22. 22') 
could be electrically connected to one or more of selected electrical 
temiinals (19, 19', 29, 29') of the line-card slices (10, 20) to achieve a 
selected electrical Interconnection via the transmission lines (3) in the back- 
plane (2) or to on or more of electrical temninals (13, 13', 23, 23') of a further 



15:03 DR.U^BEL -> 81^3924465 



NR.Q20 



P 1 BQS3EP / U6H7MAZE AO / *Distrllliitod Gha-cardB* / ennl / 20020200 / 21. Mfirz 2002 

V 

27 

converter (12. 12', 22, 22') of the same Mne-card slice (10, 20) to achieve a 
loop-back mode of operation. 

3. Network element according to one of claims 1 or 2, characterised in that the 
switch terminals (30) are switchabie by a software command. 

4. Network element according to one of the claims 1 to 3, characterised in that 
at least one electrical cross-connect (40) is provided having first elet^rical 
terminals (41) for rscei\^ng of electrical aignals and second elecMcal 
terminals (42) for transmitting of electHcal signals, the cross-connect 
directing electribal signals fram selected first to selected second electrical 
temiinals; whereby 

4.1 the cross-connect (40) is plugged - directly or indirectly - to the back-plane 

(2) with tlie electrical temiinais (41. 42) eIec*r^^7?;^'*^connected to the 
electrical terminals (4) of the back-plane sue . ... ^e first electrical 
terminals (41) are eiectrioally connected via the electrical transmission lines 

(3) of the baok-plane (2) to the eleotrieal temiinals (18, 19') of selected first 
of the line-card slices (10, 20) and the second electrical temiinals (42) are 
electrically connected via the eletstrioal transmission' lines (3) of the back- 
plane (2) to the electrical terminals (29, 29') of selected second of fiie line- 
card slices (10. 20). 

5. Networic element according to 4, charat^rised in that the line-card slices 
(10, 20) and the at least one cross-connect (40) are distributed on the back- 
plane (2) In such a way, that each cross-connect is electrically sandwiched 
between a predetermined number of the selected first and second of the 
line-card slices (10, 20). 

6. Network element according to one of the preceding claims, characterised in 
that each iine-card slice (10, 20) comprises both, one optical transmitter 
(21, 21') and one optical receiver (11, 11') with the corr^esponding 
converters (12. 12'. 22, 22'). 
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7. Network element according to one of the preceding claims, characterised In 
that the network element (1) is a Dense-Wavelength-Division-Multfplexed 
networic element and comprises at least one filter-unit for transfonnlng of 
the optical multi-wavelength signals into individual wavelength channel 
signals and vice versa, whereby the filter-unit is disposed In at least one 
optical path between an optical temilnal of the network element and a 
receiver (1 1,11') or transmitter (21, 21') of a line-card slice (10. 20). 

8. Network element acconding to claim 7. characterised In that the filter-unit is 
Implemented fti one or more filter-cards, which are pluggable - dlrec^y or 
indirectly - into the back-plane (2). 

9. Network element i!5J??5ordlng to one of the preceding claims, characterised in 
that at least on a ; ^;ard chassis tor plugglng jn .of a single or a group of 
llne-caixl slices (1 0. 20) is attached to the back-plane (2). 

1 0. Networi< element according to one of the preceding claims, characterised In 
.2.:, — that at least onefllter-cardchsssis for plugging 1n of aslngle or a group of — 

fitter-cards Is attached to the back-plane (2). 

1 1 . Networic element according to one of the claims 9 or 1 0, characterised In 
that the line-card chassis is adapted such that a line-card slice (10. 20) or a 
filter-card can be plugged in. 

1 2. Networi< element according to one of claims 7 to 1 1 , characterised Inr that 
the filter-unit comprises a modular structure with various stages, each stage 
comprising at least one of the following devices: 

- band-pass-filter 

- interieaver 
-OWDM filter. 
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13, Network element according to one of clafms 6 to 12, characterised In that * 
the f?lter-card3 are adapted and attached to the back-plane (2) such that 
they could be electrically managed via the back-plane. 

5 14. Network element according to one of the preceding claims, characterised In 
that a supervisory system is provided. 

1 6. Network element according to c(alm 14. characterjsed In that the network 
element comprises at least one supen/lsory card (32) attached to the back- 

1 0 plane (2), especially a single or redundant supervisory caixis. 

16- Netuvork element according to one of the preceding claims, characterised ki 

that the network element comprises at least one bus card (34). especially a 

single or redundant internal bus cards, attached to the back-plane (^). « 
t5 . 

17. . Network element according to claims 15 and 16, characterised In that the 
network element comprises a single or redundant node controller personal 

computers (35) that communicate with the external optical network and the 
various devices of the network element through the supervisory cards (32) 
and the intemal bus cards (34). 

1 8. Network element according to one of the preceding claims, characterised in 
that the networic element comprises a single back-plane (2). 

6 19. Networi? element according to one of the preceding claims, characterised in 

that the network element comprises single or redundant power supplies 
(33) attached to the back-plane. 



!0 



) 



20. 



Network element according to one of the preceding claims, otiaracterised In 
that the networic element is adapted to provide device and/or card 
protection in optical networks. 
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21 . Network element according to one of the preceding claims, characterised in 
that the network element is adapted to be locally or remotely managed by 
providing an SNMP agent or other softwiare agent Interfecee. 

5 22. Network element according to one of the preceding claims, characterised In 

that is provided an optical amplifier (62) capable of ampHtylng the received 
and transmitted single or multi-wavelength signals attached to the back- 
plane (2) directly or In the fbmt of plug-in module such that It can be 
managed under the intelligence of sofhware control. • 



10 



23. Networic element according to daim 22, characterised in that the optical 

amplifier (52) Is provided In form of one or more optical amplifier cards that 
can be plugged into the back-plane (2). 
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The invention relates to an Intelligent network element for optical networks, 
comprising: 

at least one back-plane with a plurality of electrical transmission lines njnning 
across the back-plan© and a plurality of electrical terminals connected to the 



transmission lines; 

10 a plurality of line-card slices having electrical terminate, each line-card slice being 

attached to the back-plane directly or In the form of a plug-in module such, that the : 
electrical terminals of the line-can) slice are electrically connected to selected ones ^ 
of the terminals of the back-plane, with 

at least one of the llne-caid slices comprising at least one pptical receiver for 
15 receiving of optical signals from the networi? and at tes^: opto-eleotrical 

converter Integrated in or optically connected to the optical receiver with electrical 
terminals, and 

at least one of the line-card slices comprising at least one optical transmitter for 
transmitting of opticat signals to the networic and at least one electnKiptical 
'□ converiier integrated In or dptlcally connected to the optical transmitter with 
electrical terminals; 

various or an of the said electrical tenninals are Implemented in form of switch 
temninals that provide selected and reconflgurable electrical interconnections 
among various of the at least one receiver, transmitter and/or converter. 
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